WHAT'S KNOWN ON THIS SUBJECT: Cognitive scores of children born preterm are reported to improve over time. Biological associations with adverse cognitive outcomes are assumed to wane over time, as the influence of social variables increases.
WHAT THIS STUDY ADDS:
Cognitive scores of children born extremely preterm were consistently lower than those of control subjects from ages 2 to 18 years. Biological associations with adverse cognitive outcomes in preterm children persisted adolescence, as the influence of social variables increased.
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Survival rates for infants born extremely preterm (EP; ,28 weeks' gestational age) or extremely low birth weight (ELBW; ,1000 g) increased with the introduction of exogenous surfactant into clinical practice in the early 1990s. 1 However, EP/ELBW survivors since that time continue to have worse cognitive and academic outcomes compared with term (37-42 weeks' gestational age) or normal birth weight (.2499 g) control infants. 2 Outcomes vary for EP/ELBW survivors related to the occurrence of various perinatal biological events, many of which culminate in brain injury or maldevelopment. 3 Social risk is also related to child development and long-term outcomes. In a recent review, 4 maternal education less than high school completion compared with completion of high school, nonprivate health insurance status compared with private health insurance status, and a manual parental occupation rather than a more skilled occupation were each associated with an increased odds for cognitive delay. However, these social variables are interrelated and their independent effects (ie, adjusting for the influence of each other) were not assessed.
It has been suggested that cognitive outcomes for preterm survivors may improve through childhood, 5 but whether this improvement occurs relative to term peers, and the relative contributions of biological and social variables to change in cognitive outcomes throughout childhood, must be determined. Moreover, the contributions of biological and social variables to academic achievement over time have been less well studied.
The aims of the present study were to determine whether differences in cognitive and academic outcomes between EP/ELBW and control groups changed over time and to determine the relative contributions of perinatal biological variables and childhood social variables to cognitive performance and academic achievement. It was hypothesized that the gap in cognitive and academic outcomes between EP/ELBW and control groups would be stable over time and that biological variables would be more important in predicting early childhood outcomes but social variables would be more predictive of later childhood outcomes.
METHODS
Participants were enrolled in a geographical birth cohort comprising 298 consecutive survivors born EP/ELBW in the state of Victoria, Australia, over the 2-year study period (1991) (1992) ) and a contemporaneously recruited control group of 262 normal birth weight infants. Control subjects were randomly selected from eligible births on the day an EP/ELBW survivor was due to be born, matched for gender, maternal country of origin (primarily English-speaking or not), and maternal health insurance status (as a proxy for social class). Control subjects were essential to provide a basis for comparison with EP/ELBW children who were being assessed with tests derived from other settings.
All participants were recruited at birth, and the majority were assessed at 2 years, 6 5 years, 7 8 years, 8 and 18 years 9-11 of age, corrected for prematurity. Age correction eliminates an important bias in cognitive test scores, which occurs even after the first few years of life in EP children. 12 
Exposures

Perinatal Biological Variables
From the 5-year assessment of this study cohort, 7 we reported that severe intraventricular hemorrhage (IVH; grade 3 or 4), cystic periventricular leukomalacia, surgery requiring an anesthetic during the primary hospitalization, or being treated with postnatal corticosteroids for ventilator dependence were each independently associated with worse neurosensory outcome; hence, it seemed appropriate to explore these variables among our biological exposures. Gestational age and growth restriction at birth were not independently associated with adverse outcomes at age 5 years, but they were included because smaller and more immature infants are more prone to all of the preceding biological complications. Birth weight SD scores were computed for age and sex relative to the British Growth Reference. 13 We also included bronchopulmonary dysplasia (BPD), defined as having respiratory distress and requiring oxygen at 36 weeks' postmenstrual age, and the sex of the child; both of these factors are reportedly associated with worse neurosensory outcome at 5 years of age. 14 
Social Variables
Of the possible social variables that could potentially influence outcome, we considered mother's years of schooling, dichotomized at the median (,12 vs $12 years), and social class, based on employment of the major income earner in the family, dichotomized into lower (unskilled occupations or unemployed) and higher (semi-skilled, skilled, or professional occupations). These variables were chosen because of their influence on cognitive outcomes in a previous systematic review. 4 Because all tests are English-based, we also included whether the family was multilingual (spoke languages other than English at home). We also determined whether both biological parents were living in the family home from birth, as we were interested in the potential effects of family disruption on childhood functioning. Similar social data were collected at all ages, but data from the 8-year assessment were used to reflect exposures in early life, including the first few years of the child's schooling, and because the social data were most complete at that age.
Outcomes
Children were assessed at each age by research psychologists who were unaware of the perinatal findings or the details of assessments earlier in childhood.
Cognitive Measures
The mental development index of the Bayley Scales of Infant Development 15 was assessed at 2 years. IQ was determined at age 5 years by using the Wechsler Preschool and Primary Scale of Intelligence-Revised, 16 at age 8 years with the Wechsler Intelligence Scale for Children-Third Edition, 17 and at age 18 years with a 2-subtest version of the Wechsler Abbreviated Scale of Intelligence. 18 At each age, some subjects were untestable because of severe cognitive delay; these subjects were allocated a score equivalent to 4 SDs below the normative mean (eg, IQ = 40).
Academic Achievement
At 8 years of age, subjects' basic educational skills of reading, spelling, and arithmetic were assessed by using the Wide Range Achievement Test-Third Edition. 19 At 18 years of age, subjects' word reading (single word decoding), spelling, and math computation skills were assessed by using the Wide Range Achievement Test-Fourth Edition. 20 All scales were age-standardized with a mean of 100 and an SD of 15.
At each assessment age, scores for cognitive and academic tests were restandardized relative to the mean 6 SD of the scores obtained from the control group. A few subjects at each age were tested with alternative cognitive tests, either because they were assessed with only part of the appropriate test (eg, the verbal or performance scales of 1 of the Wechsler tests) or because they were assessed at sites where the primary test was unavailable but a suitable alternative was available. For these subjects, standardized mean scores were calculated based on the mean 6 SD of the test used.
The most recent assessment of the cohort was at ∼18 years of age, when participants completed a comprehensive cognitive, medical, and psychological assessment. [9] [10] [11] The human research ethics committees of the participating sites (Royal Women's Hospital, Mercy Hospital for Women, Monash Medical Centre, and Royal Children's Hospital, Melbourne, Australia) approved the original and follow-up studies. All participants provided written informed consent for the 18-year follow-up. If participants were aged ,18 years, consent was also obtained from their parents.
Data Analysis
Data were analyzed by using Stata version 13 (Stata Corp, College Station, TX). 21 Differences in characteristics and outcomes between the birth groups were analyzed by using x 2 tests (categorical data) or 2-tailed t tests (continuous data). Within the EP/ELBW group, the influences of biological and social exposures on the standardized cognitive and academic scores at each age were assessed by using univariable and multivariable linear regression. Separate models were fitted to each outcome measure at each time point by using generalized estimating equations to allow for multiple births in the 1 family. We also tested for possible interactions between statistically significant biological and social variables.
Results are reported as regression coefficients, representing the mean difference in outcome between those with and without the exposure of interest and their 95% confidence intervals. To avoid problems of co-linearity between postnatal corticosteroids (which are used to treat or prevent BPD) and BPD itself, we computed a new variable of BPD not treated with postnatal corticosteroids (which was used for analyses) rather than BPD alone.
RESULTS
There were expected differences in gestational age between the EP/ELBW and control groups, but the proportion of male subjects was equal ( Table 1 ). The mean 6 SD birth weight score for control subjects was close to the expected value of zero but was substantially lower in the EP/ELBW group because ∼20% of the cohort was .27 weeks' gestation but had birth weights ,1000 g. Rates of severe IVH and cystic periventricular leukomalacia were relatively low in the EP/ELBW group, but 33% had been treated with corticosteroids after birth, 37% had BPD (68 of 111 with BPD were treated with postnatal corticosteroids), and 26% required surgery in the newborn period. None of the control subjects had any of these biological exposures. Compared with the control subjects, the EP/ELBW group was disadvantaged on all social variables except for multilingual status.
The cognitive and academic achievement scores of EP/ELBW subjects were substantially lower than those for control subjects at each age (Table 2 ). There were similar differences in the standardized cognitive scores between groups from ages 2 to 18 years, as well as in the standardized academic achievement scores from ages 8 to 18 years. Adjustment for sociodemographic variables reduced the mean differences between the EP/ELBW and control groups by 12% for developmental quotient scores at 2 years and up to 22% for IQ scores at 18 years; all differences between groups remained highly statistically significant.
Follow-up rates were high up to 8 years of age but were lower at 18 years ( Many biological exposures were associated on univariable analysis with lower cognitive scores in early childhood; these associations persisted to 18 years of age (Supplemental Appendix Table 3 ). Higher gestational age was associated with better cognitive scores at all ages, but the relationship at age 8 years was weaker than at other ages. Of the social variables, lower social class and maternal education were associated with worse outcomes from 5 years of age onward; living in a multilingual household had persistent negative associations from 2 to 8 years of age but not at 18 years of age.
On multivariable analysis, the magnitude of associations for most variables with cognitive scores was reduced when simultaneously adjusting for all other variables. Of the biological variables, evidence remained that higher birth weight SD scores were associated with higher cognitive scores at 2 and 8 years of age. Being male was associated with lower cognitive scores at 2 years of age only. IVH was associated with lower cognitive scores at all ages after 2 years, as was postnatal corticosteroid treatment at age 5 and 18 years (Fig 1, Appendix Table 3 ). Having BPD but not receiving corticosteroids and having surgery in the newborn period had little effect on outcomes at any age. Of the social variables, living in a multilingual household was associated with lower cognitive test scores at early ages, but the association attenuated as the children aged and was negligible by 18 years of age. Lower maternal education and lower social class had little effect on cognitive outcome at 2 years of age but were increasingly associated with lower cognitive scores in later years. Living without both biological parents in the household from birth had little effect on cognitive test scores. The Unless otherwise specified, data are n (%). On univariable analysis, of the biological variables, gestational age was positively associated with some academic scores at both 8 and 18 years of age, whereas postnatal corticosteroid treatment and surgery were associated with lower performance on academic outcomes. Lower maternal education and lower social class were the social variables associated with lower performance on academic achievement on univariable analysis (Supplemental Appendix Table 4 ).
On multivariable analysis, gestational age and birth weight SD score were positively associated with some academic scores at age 8 years only, whereas postnatal corticosteroid treatment was associated with poorer performance on all of the academic achievement tasks at age 18 years only (Fig 2, Supplemental Appendix Table 4 ). Surgery was also associated with lower scores for reading at 8 years of age and math computation at 18 years of age. Of the social variables, both lower maternal education and lower social class were associated with reductions in performance on all of the academic achievement tasks at both 8 and 18 years of age. Interestingly, there was some evidence that living in a multilingual household was associated with increased spelling scores at 8 and 18 years of age. The magnitudes of the negative associations with postnatal corticosteroids on academic achievement at age 18 years were similar to those of lower maternal education and lower social class at that age.
There were no significant interactions between statistically significant biological and social variables (all P . .05).
DISCUSSION
The present contemporary cohort study included EP/ELBW survivors born in the era after surfactant was introduced into clinical care. As shown in this study, the disadvantage in cognitive and academic test scores in preterm participants compared with control participants was relatively constant throughout childhood and into adolescence, as hypothesized. This finding is contrary to the suggestion that cognitive outcomes for preterm survivors may improve through childhood. 5 Of the biological variables known to be associated with adverse outcomes, severe IVH, although uncommon, was associated with worse cognitive outcome from 5 years of age onward; postnatal corticosteroids had some adverse associations with cognitive outcomes in childhood but particularly with cognitive and academic outcomes at 18 years of age. Contrary to expectations, the associations between these 2 biological variables and cognitive and academic scores did not diminish substantially over time, and the magnitudes of their independent effects were mostly greater than or equal to those of the various social exposures studied. In line with this finding, gestational age and birth weight SD scores were also positively associated with some cognitive and academic outcomes in early childhood but not at age 18 years. Of the social variables, being raised in a multilingual household was associated with lower performance on cognitive assessments until 8 years of age, but this effect had attenuated by late adolescence. In contrast, lower maternal education and lower social class had little influence on cognitive functioning in early life, but associations increased with both cognitive function and academic achievement at school-age and adolescence. In our cohort, the effects of the biological and social variables were only additive, rather than multiplicative.
Although it is believed that the influence of biological variables diminishes and that of social factors increases with age, 22 no studies have explicitly addressed the issue longitudinally in EP/ELBW survivors. Most studies have observed preterm children over short periods or have reported adolescent outcomes from children born before the 1990s, when survival rates for EP/ELBW infants were considerably lower than in the present study. Greater degrees of prematurity and more medical complications have been associated with lower cognitive growth trajectories from 12 to 36 months of age, irrespective of socioeconomic status, compared with lower risk preterm and term children. 23 However, in a small sample of lower risk preterm children, birth status and medical complications were not predictive of language development by 36 months of age. 22 Importantly, data comparing the magnitude of social and biological influences in adolescence are limited. Among 12-year-olds, family income and maternal education accounted for at least as much variance in IQ as did being very low birth weight in 1 study from the early 1980s of very low birth weight survivors and control subjects. 24 Whitaker et al 25 reported persistent and independent effects of some infant biological variables (including major brain injury detected by cranial ultrasound) on IQ in teenagers with a birth weight ,2000 g born in the 1980s. Swedish register data from births in the 1970s also emphasized the importance of socioeconomic factors in predicting cognitive ability in the teenage years, but the investigators could not simultaneously assess the influence of biological variables. 26 Among other methodologic differences from the present study, none of these previous studies reported serial data throughout childhood and into late adolescence.
The results of our study should not be interpreted as evidence to stop using postnatal corticosteroids in ventilator-dependent infants; the risks and benefits of these agents, including their effects on mortality, are more properly considered in randomized trials of postnatal corticosteroids, rather than observational studies, and are discussed elsewhere. [27] [28] [29] The importance of the associations with postnatal corticosteroids depends more on identifying survivors at risk for potentially lifelong impairments, which applies to one-third of the current cohort.
The major strengths of the present study are its regional cohort, which avoids selection bias; the blinded assessments at each age; the high follow-up rates, particularly for the 2-, 5-, and 8-year assessments; the selection of an appropriate normal birth weight control group from birth; and the ability to reassess the cohorts throughout childhood and into late adolescence. Limitations of the study include the lower follow-up rate at 18 years, the inability to study other possible biological variables (eg, genetic or epigenetic factors), and the fact that only distal rather than proximal social variables were studied. 30 
CONCLUSIONS
Specific perinatal biological exposures, particularly postnatal corticosteroids and IVH, have strong and persistent influences on cognitive and academic outcomes in EP/ELBW survivors. The magnitude of the biological associations mostly equals or exceeds those of social exposures, even in late adolescence. The relative importance of biological versus social exposures on outcomes later in adulthood, and the influence of other biological and proximal social variables, requires further evaluation.
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FIGURE 2
Relationships of biological and social variables with academic achievement test scores at 8 and 18 years of age standardized relative to the control group. Results are regression coefficients (and 95% confidence intervals) from a single multivariable model for each outcome, and they represent the mean difference in academic scores (SD units) between those with and without the variable of interest or per-unit increase in continuous variables. The results for each variable are adjusted for the presence of all other variables. Arithmetic refers to arithmetic skills at 8 years of age and math computation skills at 18 years of age; steroids refer to postnatal corticosteroids. BW SDS, birth weight SD score; PVL, periventricular leukomalacia.
